Background and Purpose-Low socioeconomic position (SEP) is associated with high overall stroke mortality, but its contribution to stroke prognosis is unclear. We evaluated socioeconomic disparities in stroke incidence and poststroke outcomes. Methods-We collected hospital discharge and mortality data for all 35-to 84-year-old Rome residents who had a first acute ischemic or hemorrhagic stroke in 2001 to 2004. We used a small-area SEP index. We calculated age-adjusted incidence rates and rate ratios by SEP for fatal and nonfatal stroke subtypes using Poisson regression. Logistic regression was used to study outcomes by SEP (30-day mortality, and among 1-month survivors: 1-year mortality, hospital readmissions for a successive stroke, and cardiovascular diseases). Results-A total of 10 033 incident strokes (75% ischemic) were observed. Incidence rates (per 100 000) for ischemic and hemorrhagic stroke were: 104 and 34 in men and 81 and 28 in women, respectively. There were socioeconomic disparities in stroke incidence in both genders (rate ratios between extreme SEP categories in ischemic and hemorrhagic stroke: 1.76; 95% CI,1.59 to 1.95; 1.50; 95% CI, 1.26 to 1.80 in men; 1.72; 95% CI, 1.55 to 1.91; 1.37; 95% CI, 1.15 to 1.63 in women). No association was found for SEP and mortality after stroke. Men with low SEP with an ischemic event were more likely to be hospitalized for a new stroke than men with high SEP. Women with low SEP with hemorrhagic stroke were more likely to be hospitalized for cardiovascular disease compared with women with high SEP. 
S
troke is the second leading cause of death in industrialized countries and one of the leading causes of disability worldwide. 1 Stroke incidence is not evenly distributed in the population because several studies have shown a higher incidence of stroke in low socioeconomic groups. [2] [3] [4] The social gradient for hemorrhagic stroke tends to be similar to or stronger than that for all stroke, 2 although a study on Swedish middle-aged women reported greater inequalities for ischemic than for hemorrhagic stroke. 3 Despite all of this research, the association between socioeconomic position (SEP) and stroke has been studied much less than socioeconomic inequalities in ischemic heart disease. 2 Socioeconomic disparities in stroke incidence might be due to a variety of factors. Differential distribution of behavioral or clinical risk factors and of access to health care are all possible explanations for the association between SEP and stroke occurrence as seen for a wide range of other illnesses. 2 However, some studies have shown that adjusting for several risk factors did not explain the entire association between stroke and socioeconomic position. 3, 5 A recent review of the issue addressed the need for further investigations to evaluate the nature of the association between SEP and stroke incidence. 2 The evidence of the association between SEP and survival after stroke is much more controversial because studies conducted in the United States, 6, 7 Finland, 8 Austria, 9 and China 10 have all shown a strong relationship between SEP and survival, whereas others have found a weak or even no association at all. 2 One possible explanation is the differences in provision of care. Theoretically, access to health services in universal healthcare systems (like in Italy where health care is publicly funded and there is universal access and comprehensive coverage under the National Health Service) should be independent of SEP, and the effect of SEP should be less substantial on survival or on other long-term outcomes than on incidence because of the comprehensive and uniform aspect of free health coverage. Studies available on the association between SEP and survival did not show clear differences in diverse healthcare systems. 9 -11 In fact, even studies conducted in countries with a universal healthcare system such as Finland or Canada found inequalities in mortality after stroke. 6, 8 Although in the past there was evidence of socioeconomic inequality in outcomes after acute myocardial infarction, new findings from Canada suggest the gap has decreased in recent years. 12 Thus, another issue to be considered is that the relationship between SEP and outcomes after stroke could vary over time.
The objective of this study was to analyze the nature of socioeconomic disparities in stroke incidence separately for men and women and by stroke subtype between 2001 and 2004. In addition, we evaluated SEP differences in short-term mortality and in 1-year outcomes (death, rehospitalization for stroke or cardiovascular disease) after stroke. Considering that Italy has a universal healthcare system, which should guarantee equal treatment for the entire population, the latter issue is of particular importance. Given that the distribution of personal lifestyle and clinical risk factors is skewed toward low socioeconomic status, we hypothesized that socioeconomic disparities are present in stroke incidence regardless of gender and stroke subtype, but not in poststroke outcomes, which tend to depend on healthcare quality.
Materials and Methods

Data
This study is based on information from the Health Information System of the Lazio region, where Rome is located. The Regional Cause of Death Registry lists the causes of death coded according to the International Classification of Diseases, 9th Revision, for all deaths of residents of the Lazio region. Discharge abstracts, from both public and private hospitals, are routinely collected by the Regional Information System and contain: patient demographic data (gender, age, place of birth, census block of residence for residents of Rome), admission and discharge dates, up to 6 discharge diagnoses (International Classification of Disease, 9th Revision, Clinical Modification [ICD-9-CM]), medical procedures or surgical interventions (up to 6), and status at discharge (alive, dead, transferred to another hospital). The municipal registry maintains records on all official residents of Rome, including mortality information and date and place of death. All registries use a personal code that allows a subject to be identified in different registries and to access their census block of current and past residences.
Rome has a population of approximately 2.7 millions residents living in 5377 census blocks. Similarly to deprivation indicators used in other countries, 13 we used a small-area composite index based on 2001 census data (SEP) as a measure of socioeconomic position. 14 In Italy, a census of the entire resident population is conducted every 10 years. For each census block with at least 50 inhabitants (4888 census blocks in Rome with an average population of 500 people), we considered aggregate census information that represents various aspects of deprivation: education, occupation, home ownership, family composition, and citizenship. We performed a factor analysis with varimax rotation on all standardized variables and found that 4 factors explained 84% of the overall variance. The first factor (49.5% of the variance) was characterized by education, occupation, and crowding index; the second (14% of the variance) by citizenship; the third (11.3%) was influenced by family composition; and the last (9.1%) by home ownership. We used an algebraic combination of these factors to create an index of socioeconomic position by census block, distributed in quintiles, ranging from very well off (Level 1) to very underprivileged (Level 5). We attributed the SEP index to individual cases (see subsequently) through census blocks of residence. We observed a correlation of 0.76 with a census block income index we built with 1998 data. 15 
Selection of Incident Cases
We selected all hospitalizations and deaths with a diagnosis, or cause of death, of ischemic (International Classification of Diseases, 9th Revision 434, 436) or hemorrhagic stroke (International Classification of Diseases, 9th Revision 430, 431) that occurred from 2001 to 2004 in 35-to 84-year-old Rome residents. We considered hospital discharge or death from stroke of the same subject that occurred within 28 days of each other as a single stroke event. To detect incident cases, we excluded all hospitalized cases with a secondary diagnosis of late effects of cerebrovascular disease (ICD-9-CM: 438) and those who were discharged from the hospital in the previous 5 years with a diagnosis of stroke or late effects of cerebrovascular disease (ICD-9-CM: 430, 431, 434, 436, 438). To eliminate potential iatrogenic strokes, we also excluded all cases that had heart surgery or a carotid endarterectomy in the previous month or during the index hospital event. 16 For details on ICD-9-CM codes, see Supplemental Table II , available online at http://stroke.ahajournals.org.
We considered out-of-hospital deaths (incident cases from the death registry, ie, subjects with a first stroke who died before reaching a hospital), hospitalized cases, and total incidence. Hospital deaths and people who died within 30 days of the event were considered fatal cases.
Clinical Risk Factors for Stroke and Comorbidities
Based on ICD-9-CM codes and following the definitions of a validated coding algorithm (enhanced Elixhauser AHRQ-Web-ICD-9-CM), 17 we identified a priori the clinical risk factors for stroke: hypertension, atrial fibrillation, diabetes, ischemic heart disease, congestive heart failure, and peripheral vascular disorders, because they have commonly been considered in previous studies as confounders or potential mediators in the association between SEP indicators and health outcomes. 6,9 -11,18 We also identified comorbidities (chronic lung disease, liver disease, renal disease, cancer, coagulation disorders, and anemia) that worsen prognoses in patients affected by cardiovascular disease or other conditions. 19, 20 The differential distribution of these conditions among social classes in specific cardiovascular cohorts based on administrative data has already been noted. 6, 15, 21 Information on these conditions was found in the clinical records from the index stroke hospitalization and in the records of all hospitalizations that occurred in the 2 years before the event. For details on ICD-9-CM codes, see Supplemental Table II .
Short-Term and Long-Term Outcomes
Hospitalized cases were followed-up for 1 year. We linked our data set to the Regional Cause of Death Registry to study socioeconomic inequalities in 30-day mortality and, in those who survived 30 days, in 1-year mortality after stroke. We compared our data with discharge abstracts to identify hospital readmissions within 1 year of a first stroke event in survivors after 30 days. We analyzed rehospitalizations for stroke (ICD-9-CM: 430 to 438) and for cardiovascular diseases (ICD-9-CM: 390 to 459) separately for ischemic and hemorrhagic incident cases.
Data Analysis
We used Poisson models to calculate age-adjusted incidence rates (fatal events, nonfatal events, total events) in the 35-to 84-year-old Rome population by stroke subtype, socioeconomic position index, stratified by gender (reported as annual rates per 100 000 persons), and age-adjusted rate ratios with 95% CIs using the highest SEP quintile as the reference category. Denominators were obtained for each year for 5-year age groups, gender, and socioeconomic position index from the Municipal Registry Office database.
Frequencies of clinical risk factors for stroke and comorbidities in the index hospital admission and during the previous 2 years were tabulated for hospitalized cases by area-based socioeconomic position and stroke subtype. Nonparametric tests for trend across ordered groups were calculated.
Given that the follow-up of this study lasted 1 year, logistic regression was used to study socioeconomic disparities in short-term and 1-year outcomes after ischemic and hemorrhagic stroke. Odds ratios (ORs) with 95% CIs were calculated with the highest SEP quintile as the reference category adjusting for age as a continuous variable (an age-squared term was introduced when needed). Clustering within census blocks was taken into account using robust
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variance estimation. We used logistic regression instead of a survival analysis because we were interested in evaluating cumulative incidence rather than incidence density of the outcomes 1 year after the stroke.
To evaluate whether the effect of SEP on stroke prognosis was possibly mediated by clinical risk factors, we performed a stratified analysis. Specifically, we divided stroke cases into 2 groups based on the presence of at least one of the following conditions: hypertension and peripheral vascular disorders (only from hospitalizations in the previous 2 years), atrial fibrillation, diabetes, ischemic heart disease, or congestive heart failure (from the index hospitalization or from the previous 2 years). Some diagnoses were considered only from previous hospitalizations to avoid the well-known coding bias effect, ie, the tendency to omit reporting less severe diagnoses in the hospital discharge records (like hypertension) for severely ill patients. 21 We used the likelihood ratio test to test the interaction between socioeconomic position and the presence of clinical risk factors.
Results
The Figure summarizes the data used to calculate incidence rates and short-and long-term outcomes. Over the 4-year period, in residents aged 35 to 84 years, there were 7507 new cases of ischemic stroke (6% died out of the hospital, 94% were hospitalized) and 2526 new cases of hemorrhagic stroke (8% died out of the hospital, 92% were hospitalized). Fourteen percent of patients admitted to the hospital for an ischemic stroke and 31% of those admitted for a hemorrhagic stroke died within 30 days. Nine patients with an ischemic stroke and 2 with a hemorrhagic stroke moved outside of the study area within 1 month after their hospital admission and were lost to follow-up. Among 30-day ischemic stroke survivors, 14% died within 1 year of the event, 24% were hospitalized for a cardiovascular disease, and 14% were hospitalized for a new stroke event. Among 30-day hemorrhagic stroke survivors, 20% died within 1 year of the event, 17% were hospitalized for a cardiovascular disease, and 13% were hospitalized for another stroke event. Table 1 reports, separately for ischemic and hemorrhagic stroke, the distribution of total incident cases, out-of-hospital deaths, and hospitalized cases by gender, age, area-based socioeconomic position, and country of birth. Mean age was 72 years (SD 9.6) at first ischemic stroke and 67.7 years (SD 12) at first hemorrhagic stroke. In both stroke subtypes, out-of-hospital deaths were more common among women. Table 2 shows, by stroke subtype, gender-specific ageadjusted incidence rates and rate ratios of first stroke by socioeconomic position and case fatality. Both men and women from low socioeconomic groups experienced higher rates of both ischemic and hemorrhagic stroke more frequently than high SEP groups; the strength of the association tended to be higher for ischemic stroke than for hemorrhagic stroke. The socioeconomic gradient was similar for men and women in all cases and nonfatal events, whereas it was strong in men and weak in women in fatal events.
The frequency distributions of clinical risk factors and comorbidities by socioeconomic position among those with ischemic and hemorrhagic stroke are reported in Supplemental Table I , available online at http://stroke.ahajournals.org. For ischemic stroke cases, there was an association between socioeconomic position and prevalence of diabetes and atrial fibrillation with higher prevalence in more disadvantaged groups both when measured in the index admission and in the 2 years before the event. Chronic lung diseases (in hospitalizations during the 2 years before the event) were also differently distributed. For hemorrhagic stroke cases, those living in disadvantaged census blocks more frequently had diabetes, liver disease (both when measured in the index admission and in the 2 years before the event), ischemic heart diseases (in the index hospitalization), and renal disease (in the 2 years before the event). Table 3 shows the association between area-based socioeconomic position and outcomes after the stroke event. The relative frequency of the outcomes (crude risk) and the OR adjusted for age are reported. There was no evidence of socioeconomic disparities in short-term or first-year fatality in either ischemic or hemorrhagic cases. Among males with ischemic stroke, there was an indication of increased risk of cardiovascular disease rehospitalization in the lowest socioeconomic group compared with higher groups and the association became stronger when evaluating the occurrence of a new stroke episode. There was no evidence of an association between socioeconomic position and long-term outcomes in women with ischemic stroke. Among males with hemorrhagic stroke, there was a suggestion of social disparities in rehospitalization, both for stroke and for cardiovascular disease, but the results were not statistically significant. Among women of the lowest socioeconomic group, there was a higher risk of being hospitalized for cardiovascular disease in the year after a hemorrhagic stroke.
We conducted a sensitivity analysis using a Cox proportional model to evaluate the association of SEP and 1-year outcomes after stroke, and the results in terms of hazard ratios generally confirm the findings and provide very similar results, although statistical significance was lost for 1-year rehospitalization for stroke among men with ischemic stroke (hazard ratio, among extreme categories of SEP, 1.30; 95% CI, 0.95 to 1.79) and for 1-year hospitalization for cardiovascular disease in women with hemorrhagic stroke (hazard ratio among extreme categories of SEP, 1.42; 95% CI, 0.81 to 2.47).
Forty-nine percent of ischemic cases and 25% of hemorrhagic cases had clinical risk factors for stroke reported in previous and index hospitalizations. Subjects with clinical risk factors were older than those without these conditions (mean age, 73.3 years; SD 8.4 versus 70.2 years; SD 10.5 for ischemic cases; 71.5 years; SD 9.5 versus 66.2; SD 12.4 for hemorrhagic cases). In general, there was no evidence that socioeconomic position had a different effect on prognosis in the 2 groups (data not shown). The only finding to note is the degree of the association of SEP with a new stroke in ischemic male cases, which was stronger in subjects without clinical risk factors (OR, 1.61; 95% CI, 1.01 to 2.54 for the lowest SEP category compared with the highest) than among those with clinical risk factors (OR, 1.37; 95% CI, 0.84 to 2.25), although the overall test for interaction was far from being statistically significant (Pϭ0.953).
Discussion
We found strong socioeconomic disparities in ischemic and hemorrhagic stroke incidence for both genders, especially for nonfatal events. There was also evidence of socioeconomic differences in incidence of fatal ischemic stroke for men. We did not find evidence of inequalities in 30-day or in 1-year mortality after a first episode of stroke. Nevertheless, there were SEP differences in 1-year readmission rates for stroke in men who had a first ischemic stroke and in 1-year readmission for any cardiovascular disease in women who had a hemorrhagic stroke.
The social gradient we found in the incidence of stroke could be related to clinical and lifestyle risk factors, which are strongly interrelated and are all more common in low socioeconomic groups. 22 It is interesting to note that clinical risk factors and comorbidities were not evenly distributed among socioeconomic groups and they were different by subtype. Few studies have shown socioeconomic differences in comorbidities by stroke subtype. 4, 5, 7, 22 Another possible explanation of our finding could be the socioeconomic differences in use of high-quality healthcare services, 6, 23 but the extent to which preventive and community care (both general and specialized) contributes to disparities in stroke incidence is still debated. 4 
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The lower incidence we found in women is confirmed in the literature. 7, 24 Less obvious is the similar socioeconomic gradient we saw in both genders for ischemic stroke, because socioeconomic inequalities are usually stronger in men than in women. 25 Out-of-hospital mortality in women contributes more to total incidence than male out-of-hospital mortality. This is not surprising; gender differences in recognizing symptoms of both myocardial infarction and stroke and late referral to the hospital have been reported among women, 26, 27 and this could cause a higher probability of dying before hospitalization. It is interesting that we did not find socioeconomic differences in fatal events with the exception of men with ischemic stroke. This could be explained by more serious acute stroke among underprivileged men compared with the well-off male population. Alternatively, it is plausible to hypothesize a delay in healthcare interventions in the acute phase in men or inequalities in access to health care. 2 Although the association between SEP and survival after myocardial infarction is well established, there are contradic- 
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tory results on the inequalities in stroke survival. Some studies have shown a direct association between SEP and survival, 6, 8, 10 whereas others have not. 11, 18 Both individual and area-based indices of socioeconomic position were used: education, occupation, income, Castairs scores, and indicators based on census data. 2 Similar to results from a previous study on survival after myocardial infarction in Rome, 21 and after selected surgeries, 15 we did not find any association between socioeconomic position and 30-day mortality after stroke. A possible explanation could be that, despite evidence on social inequalities in health status, 25 once a subject in the acute phase enters the healthcare system, the health care provided is equitable. Less obvious is that we did not find evidence of socioeconomic disparities in 1-year mortality, in which other factors play a role, different from those involved in acute medical intervention. The other long-term outcomes associated with SEP were readmission for stroke in ischemic incident cases among men and readmission for cardiovascular disease after hemorrhagic stroke among women. This result is consistent with a study by Aslanyan and colleagues who found an association between deprivation and readmission to the hospital for any vascular event after ischemic stroke. 18 The greater need for hospitalization among low socioeconomic groups shows that they are more vulnerable and have a more severe risk profile. Although there was no clear evidence of interaction between SEP and the presence of clinical risk factors, when we examined prognoses among subjects without any apparent clinical risk factors, socioeconomic disparities in 1-year new stroke hospitalizations were found in ischemic cases in men. This result supports the hypothesis that aspects of socioeconomic disparities after stroke include not only individual health status, but also the quality of the healthcare processes. Thus, in addition to primary prevention interventions, it would be advisable to boost longterm care and rehabilitation for underprivileged groups. Some limitations of the study have to be mentioned. The study is based on administrative data, and despite their wide and valued use as a source for healthcare research, hospital discharge data have several limitations, which have been repeatedly recognized. 28 In our case, we did not know clinical and lifestyle risk factors, so we could not directly evaluate differences in blood pressure, smoking habits, diet, and physical activity. To calculate incidence of stroke, we looked back to hospital admissions over the past 5 years to exclude survivors. This procedure could overestimate incident cases, but it is unlikely that this procedure could lead to selection bias. We did not use a larger time window because we think that the quality of discharge data is not very good before 1996. Moreover, we used 2-year discharge abstracts to identify clinical risk factors. As proven by a discharge abstract validation study conducted in the Lazio region, underreporting of secondary diagnoses and procedures is possible. 29 However, it is unlikely that different reporting and misclassification errors of comorbidities are associated with SEP. It is more probable, on the contrary, that true incidence of complications and their severity may be higher than reported, weakening the evidence of socioeconomic disparities. Different comorbidities measurements based on ICD-9-CM or ICD-10-CM codes have been tested in cardiovascular research 30 ; the Elixhauser method allows a comprehensive definition of comorbidities and has proven superior to others in predicting mortality after selected conditions. 31 We used a small area-based index of socioeconomic position. The use of area-based indices as a proxy of individual traits could lead to a misclassification of individual socioeconomic position. 13 Moreover, this approach has some limitations; it is impossible to disentangle what is causing the effect, and for its construction, some bias can be introduced. The SEP index includes citizenship, which could reflect other factors beyond socioeconomics (ie, genetic susceptibility). On the other hand, this could also reflect characteristics of the area that are not captured using an individual index. However, because the census blocks in Rome are rather small (a few hundred inhabitants), the misclassification, if any, is likely to be minor. Nevertheless, a similar indicator based on the 1991 census in Rome was associated with many health outcomes. 21, 25 It would be useful to study disabilities and handicaps, but unfortunately, the data were not available for this study.
In conclusion, we found evidence of socioeconomic disparities in stroke incidence and in its risk profiles. The results of this study show that SEP does not have a strong impact on outcome of treatment after a first stroke, in the acute phase, or after 1 year, suggesting that the universal coverage health system is able to mitigate socioeconomic disparities with hospital care. Tackling health inequalities in stroke should focus on interventions, particularly on primary prevention in underprivileged groups of the population.
